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Abstract: The sea quark contributions to the nucleon electromagnetic form factors from up, down and strange
quarks are studied with the nonlocal chiral effective Lagrangian. Both octet and decuplet intermediate states are
included in the one loop calculation. Compared with the strange form factors, though their signs are the same, the
absolute value of the light quark form factors are much larger. For both electric and magnetic form factors, the
contribution from d quark is larger than that from u quark. The current lattice data for the light-sea quark form
factors are between our sea quark results for u and d.
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1 Introduction
Nucleon structure is one of the hottest research ob-
jects in hadron physics. A lot of experimental and the-
oretical efforts have been made on this topic. With the
upgrade of the experimental facility, more and more in-
ner information of nucleon can be detected. By increas-
ing the detecting energy, experimentalists can extract
the parton distribution functions (PDFs) from the deep
inelastic scattering as well as the form factors at rela-
tively large momentum transfer from the elastic scatter-
ing. In addition to the valence quark, the information
from sea quark contribution to nucleon properties is also
very important both analytically and numerically. It is
crucial for the leading non-analytic behavior of the phys-
ical quantities.
Strange quark contribution to the nucleon form fac-
tors is of special interest because it is purely form sea
quark. Lots of experiments from different collaborations
in the world have been carried out to measure this quan-
tity as precise as possible [1–4]. There are also many
theoretical discussions on the strange form factors [5–7].
In 2002, we studied the strange form factors with pertur-
bative chiral quark model (PCQM) and it was found the
strange charge form factor is positive, while the strange
magnetic form factor is negative [8]. At that time, the
theoretical predictions were quite different because there
was no precise experimental measurement yet.
Theoretically, it is impossible to study nucleon struc-
ture using quantum chromodynamics directly because
of non-perturbative problem. Besides the phenomeno-
logical quark models, there are two systematic meth-
ods in hadron physics. One is the lattice simulation
and the other is effective field theory or chiral pertur-
bation theory. Traditionally, chiral perturbation theory
with dimensional regularization (DR) is valid only at
low momentum transfer Q2 < 0.1 GeV2 [9]. It can be
applied up to 0.4 GeV2 if vector mesons are included
[10]. For the lattice simulation, many quantities sim-
ulated on lattice are at large quark (pion) mass. It is
necessary to extrapolate lattice data to that at physi-
cal pion mass. Instead of DR, we applied the effective
field theory with finite-range-regularization (FRR). The
vector meson mass, magnetic moments, magnetic form
factors, strange form factors, charge radii, first moments
of GPDs, nucleon spin, etc can be successfully extrapo-
lated to the physical point [11–20]. The obtained strange
form factors with FRR are also consistent with our pre-
vious results on PCQM [12, 15]. Recently, the nucleon
form factors as well as the sea contribution from light and
strange quark were simulated on lattice even at physical
pion mass [21–24]. Therefore it is interesting to com-
pare their result with that calculated in the framework
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of effective field theory.
In these years, we proposed a nonlocal chiral effective
Lagrangian which makes it possible to study the hadron
properties at relatively large Q2 [25–30]. The nonlocal
interaction generates both the regulator which makes the
loop integral convergent and the Q2 dependence of form
factors at tree level. The obtained electromagnetic form
factors and strange form factors of nucleon are very close
to the experimental data [28, 29]. In this paper, we will
apply the nonlocal Lagrangian to investigate the light
sea quark contribution to the nucleon form factors. With
the quark flow method same as in Ref. [33], we can get
the sea and valence quark contribution separately. This
method is equivalent to the quenched chiral perturba-
tion theory. In section II, we will introduce the nonlocal
chiral Lagrangian. The sea quark contributions to the
nucleon form factors are derived in section III. Numeri-
cal results are shown in section IV and finally, section V
is a short summary.
2 Chiral effective Lagrangian
The lowest order chiral Lagrangian for baryons,
pseudo-scalar mesons and their interaction can be writ-
ten as [28, 30–32],
L= iT r B¯γµ /DB−mB Tr B¯B
+ T¯ abcµ (iγ
µναDα −mTγµν)T abcν
+
f2
4
Tr∂µΣ∂
µΣ†+DTrB¯γµγ5 {Aµ,B}
+F Tr B¯γµγ5 [Aµ,B]
+
[
C
f
abcT¯ adeµ (g
µν +zγµγν)B
e
c∂νφ
d
b +H.C
]
,
(1)
where D, F and C are the coupling constants. The chiral
covariant derivative Dµ is defined as DµB= ∂µB+[Vµ,B].
The pseudo-scalar meson octet couples to the baryon
field through the vector and axial vector combinations
as
Vµ =
1
2
(ζ∂µζ
†+ζ†∂µζ)+
1
2
ieA µ(ζ†Qc ζ+ζ Qc ζ
†),
Aµ =
1
2
(ζ∂µζ
†−ζ†∂µζ)− 1
2
eA µ(ζ Qc ζ
†−ζ†Qc ζ),
(2)
where
ζ2 = Σ = ei2φ/f , f = 93 MeV. (3)
Qc can be the real charge matrix diag(2/3,−1/3,−1/3).
φ and B are the matrices of pseudo-scalar fields and octet
baryons. A µ is the photon field. The covariant deriva-
tive Dµ in the decuplet sector is defined as DνT
abc
µ =
∂νT
abc
µ +(Γν ,Tµ)
abc, where Γν is the chiral connection de-
fined as, (X,Tµ) = (X)
a
dT
dbc
µ +(X)
b
dT
adc
µ +(X)
c
dT
abd
µ . γ
µνα,
γµν are the antisymmetric matrices expressed as
γµν =
1
2
[γµ,γν ] and γµνρ =
1
4
{[γµ,γν ] ,γρ} . (4)
The octet, decuplet and octet-decuplet transition
magnetic moment operators are needed in the one loop
calculation of nucleon electromagnetic form factors. The
baryon octet anomalous magnetic Lagrangian is written
as
Loct = e
4mB
(
c1 Tr
[
B¯σµν
{
F+µν ,B
}]
+c2 Tr
[
B¯σµν
[
F+µν ,B
]]
+c3 Tr
[
B¯σµνB
]
Tr
[
F+µν ,B
])
,
(5)
where,
F †µν =−
1
2
(
ζ†FµνQc ζ+ζFµνQc ζ
†) . (6)
At the lowest order, the contribution of quark q to the
nucleon magnetic moments can be obtained by the re-
placement of the charge matrix Qc with the correspond-
ing diagonal quark matrices λq = diag(δqu, δqd, δqs). After
the expansion of the above equation, it is found that
F p,u2 = c1 +c2 +c3, F
n,u
2 = c3,
F p,d2 = c3, F
n,d
2 = c1 +c2 +c3,
F p,s2 = c1−c2 +c3, Fn,s2 = c1−c2 +c3.
(7)
Comparing with the results of constituent quark model
where
F p,s2 = 0 and F
n,s
2 = 0, (8)
we can get
c3 = c2−c1. (9)
The transition magnetic operator is
Ltr = i e
4mN
µTFµν
(
ijkQilc B¯
jmγµγ5T
ν,klm
+ijkQlic T¯
µ,klm γνγ5B
mj
)
. (10)
The effective decuplet anomalous magnetic moment op-
erator can be expressed as
Ldec =− ieF
T
2
4MT
T¯ abcµ σ
ρλFρλT
µ,abc. (11)
The anomalous magnetic moments of baryons can also be
expressed in terms of quark magnetic moments µq. For
example, µp =
4
3
µu− 13µd, µn = 43µd− 13µu, µ∆++ = 3µu.
Using the SU(3) symmetry µu = −2µd = −2µs, µT and
F T2 as well as µq can be written in terms of c1 or c2. For
example, µu =
2
3
c1, µT = 4c1, F
∆++
2 =µ∆++−2 = 2c1−2.
The gauge invariant non-local Lagrangian can be ob-
tained using the method in [26, 28, 29]. For instance, the
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local interaction including pi meson can be written as
Llocalpi =
∫
dx
D+F√
2f
p¯(x)γµγ5n(x)(∂µ+ ieAµ(x))pi
+(x).
(12)
The corresponding nonlocal Lagrangian is expressed as
Lpinl =
∫
dx
∫
dy
D+F√
2f
p¯(x)γµγ5n(x)F (x−y) (13)
×exp[ie
∫ y
x
dzν
∫
daA ν(z−a)F (a)]
×(∂µ + ie
∫
daAµ(y−a))F (a)
)
pi+(y), (14)
where F (x) is the correlation function. To guarantee
the gauge invariance, the gauge link is introduced in the
above Lagrangian. The regulator can be generated au-
tomatically with correlation function.
With the same idea, the nonlocal electromagnetic in-
teraction can also be obtained. For example, the local
interaction between proton and photon is written as
LlocalEM =−ep¯(x)γµp(x)Aµ(x)s
+
(c1−1)e
4mN
p¯(x)σµνp(x)Fµν(x). (15)
The corresponding nonlocal Lagrangian is expressed as
LnlEM =−e
∫
dap¯(x)γµp(x)Aµ(x−a)F1(a)
+
(c1−1)e
4mN
∫
dap¯(x)σµνp(x)Fµν(x−a)F2(a), (16)
where F1(a) and F2(a) are the correlation functions for
the nonlocal electric and magnetic interactions.
The form factors at tree level which are momentum
dependent can be easily obtained with the Fourier trans-
formation of the correlation function. As in our previous
work [28, 29], the correlation function is chosen so that
the charge and magnetic form factors at tree level have
the same the momentum dependence as nucleon-pion
vertex, i.e. GtreeM (q) = c1G
tree
E (q) = c1F˜ (q), where F˜ (q)
is the Fourier transformation of the correlation function
F (a). The corresponding function of F˜1(q) and F˜2(q) is
then expressed as
F˜ p1 (q) = F˜ (q)
4m2N +c1Q
2
4m2N +Q
2
, F˜ p2 (q) = F˜ (q)
4m2N
4m2N +Q
2
,
(17)
where Q2 = −q2 is the momentum transfer. From
Eq. (13), two kinds of couplings between hadrons and
one photon can be obtained. One is the normal one ex-
pressed as
Lnor = ie
∫
dx
∫
dy
D+F√
2f
p¯(x)γµγ5n(x)F (x−y)pi+(y)
×
∫
daAµ(y−a)F (a), (18)
This interaction is similar as the traditional local La-
grangian except the correlation function. The other one
is the additional interaction obtained by the expansion
of the gauge link, expressed as
Ladd = ie
∫
dx
∫
dy
D+F√
2f
p¯(x)γµγ5n(x)F (x−y)
×
∫ y
x
dzν
∫
daA ν(z−a)F (a)∂µpi+(y). (19)
3 Electromagnetic form-factors
The contribution from the quark flavor f (f =u,d,s)
to the Dirac and Pauli form factors of nucleon are defined
as
<N(p′)|Jfµ |N(p)>= u¯(p′){
γµF f1 (Q
2)+
iσµνqν
2mN
F f2 (Q
2)
}
u(p), (20)
where q = p′− p. The electromagnetic form-factors are
defined as the combinations of the above ones for each
flavor as
GfE(Q
2) =F f1 (Q
2)− Q
2
4m2N
F f2 (Q
2),
GfM(Q
2) =F f1 (Q
2)+F f2 (Q
2).
(21)
In this manuscript, we will investigate the sea quark
contribution to the nucleon electromagnetic form factors
from u, d and s. According to the Lagrangian, the one
loop Feynman diagrams which contribute to the nucleon
electromagnetic form factors are plotted in Fig. 1.
xxxyyy-3
Chinese Physics C Vol. xx, No. x (xxxx) yyyzzz
a b h i
k
m
p
l
jdc
e f
ng o
Fig. 1. One-loop Feynman diagrams for the nucleon electromagnetic form factors. The solid, double-solid, dashed
and wave lines are for the octet baryons, decuplet baryons, pseudo-scalar mesons and photons, respectively. The
rectangle and black dot represent magnetic and additional interacting vertex.
From the Lagrangian, the coupling constants between
baryons and mesons (coefficients) in Fig. 1 can be ob-
tained. For each diagram in Fig. 1, there exist quenched
and disconnected diagrams. In order to obtain the pure
sea quark contribution, we need to get the coefficients
for the disconnected diagrams. The coefficients for the
quenched and disconnected loop diagrams can be got
separately as in Ref. [33] using the quark flows of Fig. 2.
The obtained coefficients are the same as those extracted
within the graded symmetry formalism in quenched chi-
ral perturbation theory [34]. In Fig. 2, we plot the dia-
gram for the pi+ rainbow diagram using quark flows as an
example to show the method of separating the quenched
and sea quark contribution. The coefficients for the pi+
loop diagram in full QCD is (D+F )2. The coefficient of
Fig. 2b for the sea quark contribution is the same as that
of Fig. 2c for the K+ loop. The coefficient for quenched
sector can be obtained by subtracting the coefficient of
sea diagram from the total one. The coefficients of u, d
and s quark for both quenched and sea quark flow dia-
gram are listed in Table. 1. For pi0 case, the first and
second rows are for uu¯ and dd¯, respectively
p n p
 π+
p pΣ0, Λ
 K+
u
d
u
d
u
d
u
u
d
u
u
u
d
u
s
(a)
(b)
(c)
Fig. 2. Quark flow diagrams for pi+ andK+. (a) is
the quenched diagram. (b) and (c) are the discon-
nected sea diagrams for pi+ and K, respectively.
With the Lagrangian we can get the matrix element
of Eq. (20). In this section, we will only show the expres-
sions for the intermediate octet baryon part. For the in-
termediate decuplet baryon, the expressions are similar
but more complicated.
Table 1. The coefficients for the quenched and sea
diagrams as well as the total one for Fig. 2.
meson full QCD quenched diagram sea diagram
pi0 1
2
(D+F )2 −D2
3
+2DF −F 2
D2
3
+F 2
1
2
(D−F )2
pi+ (D+F )2 1
3
(
D2 +6DF −3F 2) 2
3
(
D2 +3F 2
)
pi− 0 −(D−F )2 (D−F )2
K0 (D−F )2 0 (D−F )2
K+ 2
3
(
D2 +3F 2
)
0 2
3
(
D2 +3F 2
)
xxxyyy-4
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The sea quark contributions of Fig. 1a for quark u d
and s are written as
Γua = (
4D2
3
−2DF +2F 2)INpia , (22)
Γda = (
7D2
6
−DF + 5F
2
2
)INpia , (23)
Γsa =
1
6
(D+3F )2IΛKa +
3
2
(D−F )2IΣKa , (24)
where the integral IBMa is expressed as
IBMa =
1
2f2
u¯(p′)F˜ (q)
∫
d4k
(2pi)4
(/k+/q)γ5 F˜ (q+k)
1
DK(k+q)
(2k+q)µ
1
DM(k)
1
/p−/k−mB (−
/kγ5)F˜ (k)u(p). (25)
DM(k) is defined as
DM(k) = k
2−m2M + i. (26)
mB and mM are the masses for the intermediate B
baryon and M meson, respectively. The contributions
of Fig. 1b are expressed as
Γub =
2imB
9(4m2B+Q
2)
[c1 (−11D2 +24DF −9F 2)
+6c2 (2D
2−3DF +3F 2)]INpib , (27)
Γdb = −
imB
9(4m2B+Q
2)
[c1 (17D
2−42DF +9F 2)
−3c2 (7D2−6DF +15F 2)]INpib , (28)
Γsb =
i(c1 +3c2)mB(D+3F )
2
9(4m2B+Q
2)
IΛΛKb
+
3i(c2−c1)mB(D−F )2
4m2B+Q
2
IΣKb , (29)
where the integral IBMb is written as
IBMb =
1
2f2
u¯(p′)F˜ (q)
∫
d4k
(2pi)4
/kγ5 F˜ (k)
1
DM(k)
1
/p′−/k−mB γ
µ 1
/p−/k−mB
/kγ5√
2f
F˜ (k)u(p). (30)
Fig.1c is similar as Fig.1b except for the magnetic in-
teraction. The contributions of this diagram are written
as
Γuc =
(
2imB (c1 (−11D2 +24DF −9F 2))
9(4m2B+Q
2)
+
2imB (6c2 (2D
2−3DF +3F 2))
9(4m2B+Q
2)
)
INpic , (31)
Γdc =
(
− imB (c1 (17D
2−42DF +9F 2))
9(4m2B+Q
2)
+
imB (−3c2 (7D2−6DF +15F 2))
9(4m2B+Q
2)
)
INpic , (32)
Γsc =
i(c1 +3c2)mB(D+3F )
2
9(4m2B+Q
2)
IΛΛKc
+
3ic3mB(D−F )2
4m2B+Q
2
IΣKc , (33)
where IΛKc is expressed as
IBMc =
1
2f2
u¯(p′)F˜ (q)
∫
d4k
(2pi)4
/kγ5F˜ (k)
1
/p′−/k−mB
σµνqν
2mΛ
1
/p−/k−mB
i
DM(k)
/kγ5F˜ (k)u(p). (34)
Fig. 1d and 1e are the Kroll-Ruderman diagrams. The
contributions from these two diagrams are written as
Γud+e =
(
−4D
2
3
+2DF −2F 2
)
INpid+e, (35)
Γdd+e = (−
7D2
6
+DF − 5F
2
2
)INpid+e, (36)
Γsd+e = −
1
6
(D+3F )2IΛKd+e−
3
2
(D−F )2IΣKd+e, (37)
where
IBM(d+e) =
1
2f2
u¯(p′)F˜ (q)
∫
d4k
(2pi)4
/kγ5F˜ (k)
1
/p′−/k−mB
1
DM(k)
γµγ5F˜ (k)u(p)
+
1
2f2
u¯(p′)F˜ (q)
∫
d4k
(2pi)4
γµγ5F˜ (k)
1
/p−/k−mB
1
DM(k)
/kγ5F˜ (k)u(p).
(38)
Fig. 1f and 1g are the additional diagrams which are
generated from the expansion of the gauge link terms.
The contributions of these two additional diagrams with
xxxyyy-5
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intermediate octet hyperons are expressed as
Γuf+g = (−
4D2
3
+2DF −2F 2)INpif+g, (39)
Γdf+g = (−
7D2
6
+DF − 5F
2
2
)INpif+g, (40)
Γsf+g = −
1
6
(D+3F )2IΛKf+g−
3
2
(D−F )2IΣKf+g, (41)
where
IBMf+g =
1
2f2
u¯(p′)F˜ (q)
∫
d4k
(2pi)4
/kγ5F˜ (k)
1
/p′−/k−mB
1
DM(k)
(−/k+/q)γ5 (2k−q)
µ
2kq−q2 [F˜ (k−q)− F˜ (k)]u(p)
+
1
2f2
u¯(p′)F˜ (q)
∫
d4k
(2pi)4
(/k+/q)γ5
(2k+q)µ
2kq+q2
[F˜ (k+q)− F˜ (k)] 1
/p−/k−mB
1
DM(k)
/kγ5F (k)u(p).
(42)
Using Package-X [35] to simplify the γ matrix algebra,
we can get the separate expressions for the Dirac and
Pauli form factors. In the next section, we will discuss
numerical results.
0.0 0.5 1.0 1.5 2.0
0.000
0.005
0.010
0.015
0.020
0.025
Q
2(GeV2)
G
E
(Q2 )
Fig. 3. The sea quark contributions of u to
the proton electric form factor versus momentum
transfer Q2. Three blue lines from up to bottom
are for Λ = 1.0, 0.9 and 0.8 GeV, respectively.
The red line is for the strange quark result with
Λ = 0.9 GeV. The data with error bars are from
lattice simulation [22].
4 Numerical Results
In the numerical calculations, the parameters are cho-
sen as D = 0.76 and F = 0.50 (gA =D+F = 1.26). The
coupling constant C is chosen to be 1 which is the same
as in Ref. [28, 36]. The off-shell parameter z is chosen to
be z =−1 [37]. The low energy constants c1 and c2 are
determined to be 2.057 and 0.748, which give the exper-
imental moments of µp = 2.793 and µn = −1.913. The
covariant regulator is chosen to be dipole form [28–30]
F˜ [k] =
Λ4
(Λ2 +m2j−k2)2
, (43)
where mj is the meson mass for the baryon-meson inter-
action and it is zero for the hadron-photon interaction.
It was found that when Λ was around 0.90 GeV, the
results are very close to the experimental nucleon form
factors.
In Fig. 3, we plot the sea contribution of u quark with
unity charge to the proton electric form factor. Three
blue lines from up to bottom are for Λ = 1.0, 0.9 and
0.8 GeV, respectively. As a comparison, the central re-
sult for the strange quark is also plotted in the figure
with red line. The solid dots with error bars are lattice
data from Ref. [22]. Since we did not include the valence
contribution of u quark in proton, the electric form factor
of u quark is zero when Q2 = 0. It then increases with the
increasing Q2. When Q2 is larger than about 0.3 GeV2,
it deceases with Q2. From the figure, one can see the
strange form factor can be described very well. The u
quark result is a little smaller than the lattice data. We
should mention that lattice data are for the light quark
and it was assumed that u and d had the same sea con-
tribution. Therefore, lattice data for the light quark can
be approximately treated as an average of the u and d
contribution.
0.0 0.5 1.0 1.5 2.0
0.000
0.005
0.010
0.015
0.020
0.025
0.030
0.035
Q
2(GeV2)
G
E
(Q2 )
Fig. 4. The sea quark contributions of d to
the proton electric form factor versus momentum
transfer Q2. Three blue lines from up to bottom
are for Λ = 1.0, 0.9 and 0.8 GeV, respectively.
The red line is for the strange quark result with
Λ = 0.9 GeV. The data with error bars are from
lattice simulation [22].
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0.0 0.5 1.0 1.5 2.0
-0.15
-0.10
-0.05
0.00
Q
2(GeV2)
G
M
(Q2 )
Fig. 5. Same as Fig.3 but for magnetic form factor.
The sea contribution to the proton electric form fac-
tor from d is plotted in Fig. 4. Similar as in the u quark
case, the electric form factor first increases from 0 and
then decreases with the increasing Q2. It can be seen
clearly that our calculated sea quark contribution is ob-
viously larger than the lattice data. The larger sea con-
tribution from d quark than that from u quark is due
to the fact that there is no intermediate octet contribu-
tion for u quark. The only contribution for u quark is
from the decuplet intermediate states. Similar results
can be found for the d¯−u¯ asymmetry in proton, where d¯
is excess u¯ [38–41]. Though there is obviously difference
of the sea quark contribution between u and d, both of
them are much larger than that of strange quark contri-
bution. The strange electric form factor is about 5-10
times smaller due to the suppression of the K meson
loop.
The sea contribution to the proton magnetic form
factor from u and d quark with unit charge are plot-
ted in Fig. 5 and Fig. 6. Again, the calculated strange
magnetic form factor is in good agreement with the lat-
tice data. All the quark magnetic form factors increase
monotonously with the increasing Q2. For the u quark
contribution, the absolute values are smaller than the
light quark result of lattice simulation, while for the d
quark contribution, the absolute values are larger than
lattice data. The absolute contributions of both u and d
quark are larger than that of strange quark, especially at
small Q2. At Q2 = 0, the magnetic moments of the sea
quark u and d are −0.11 and −0.39, respectively, while
the strange magnetic moment is about −0.04.
0.0 0.5 1.0 1.5 2.0
-0.4
-0.3
-0.2
-0.1
0.0
Q
2(GeV2)
G
M
(Q2 )
Fig. 6. Same as Fig. 4 but for magnetic form factor.
From the above figures, one can see that the sea quark
contributions of u and d quark are quite different. In
both electric and magnetic form factor cases, the abso-
lute value of sea quark contribution of d is much larger
than that of u. This is because for proton, there are
two up quarks and one down quark. The u quark in the
loop diagram can only form a decuplet state and there is
no intermediate octet contribution to the sea quark form
factors of u. We should mention this difference between
light-sea quark form factors is not due to the mass dif-
ference of u and d quark. In fact, in our calculation the
masses of pi0, pi+ and pi− are degenerate. It is straight-
forward that the sea quark form factor of u (d) in proton
is the same as that of d (u) in neutron if the masses of
proton and neutron are the same. The mass difference
between proton and neutron will lead to a small charge
symmetry violation, i.e. a small difference between Gup
and Gdn (G
d
p and G
u
n). The large difference between G
u
p
and Gdp is because of the effect of non-perturbative va-
lence quark environment instead of mass difference be-
tween u and d.
If the mass of the three u quark states is taken to
be degenerate with nucleon mass, and η mass taken to
be degenerate with pi mass. the sea contribution from u
and d quark in proton will be the same. This is the ar-
tifact of the current lattice simulation. Physically, three
u quark can not form a octet baryon and the mass of
η is much heavier than that of pi. Therefore, it is very
interesting and challenging to get the flavor asymmetry
from the lattice with the full-QCD simulation.
5 Summary
In this work, we applied the nonlocal chiral effective
Lagrangian to study the sea quark contribution of light
quark to the proton electromagnetic form factors. Since
the signs of the sea quark form factors are the same for
u, d and s quark, this calculation is helpful to under-
stand the experimental values of strange form factors. It
is also interesting to compare our result with that from
xxxyyy-7
Chinese Physics C Vol. xx, No. x (xxxx) yyyzzz
the lattice simulation. In our calculation, the parame-
ter Λ in the regulator is the same as the previous one
which is determined by fitting the nucleon form factors.
The low energy constants c1 and c2 are determined by
the experimental magnetic moments of proton and neu-
tron. Therefore, in calculating the sea quark form fac-
tors, there is no free parameters to be adjusted. Our
results show the electric form factor of light sea quark
with unity charge is positive, while the magnetic form
factor is negative. Compared with the strange form fac-
tors, the absolute value of the light quark form factors
are much larger. For both electric and magnetic form fac-
tors, the contribution from d quark is larger than that
from u quark. The current lattice data for the light-sea
quark form factors are between our results for u and d.
Therefore, it is interesting if this flavor asymmetry can
be obtained from lattice with full-QCD simulation.
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